The effects of hydrogen peroxide (H202) on the metabolism of cultured human synovial fibroblasts derived from joints of four patients with rheumatoid arthritis and three with osteoarthritis have been investigated. The exposure of rheumatoid cell cultures to this oxygen derived species at sublethal concentrations (1-100 umol/l) induced a dose related inhibition of both hyaluronic acid (HA) and DNA synthesis. In contrast, in osteoarthritic cell lines a biphasic response was shown. At low concentrations of H202 (<10 unol/l) a stimulatory effect on HA synthesis was noted, whereas in the presence of higher concentrations (>10 ,mol/l) a significant inhibition of synthesis occurred. These deleterious effects of H202 were partially reduced by the addition of catalase to the culture media. The finding that both HA and DNA synthesis were inhibited at concentrations of H202 less than those which caused loss of cell integrity (>200 ,umol/l) suggests oxidation of intracellular components, such as glyceraldehyde-3
In inflammatory arthritides such as rheumatoid arthritis infiltration of large numbers of polymorphonuclear leucocytes and macrophages into the joint space occurs. ' 24 In addition to its ability to mediate fragmentation of proteoglycans, H202 has been shown to inhibit in a concentration dependent manner in vitro proteoglycan and HA biosynthesis by bovine and murine articular cartilage chondro- cytes.2127 Exposure of endothelial cels,28 29 skin fibroblasts,30 31 epithelial cells,32 hepatocytes, 33 and tumour cells34 to H202 generating systems has also been reported to cause permanent cellular injuries. It has been proposed that H202 penetrates the cell membrane, inducing degradation of DNA3s 36 and suppression of ATP production.3738
In inflamed synovial joints fibroblasts of the synovial lining (type B cell) are exposed to H202 liberated from stimulated phagocytes,39 but the effects that this oxidant might have on the metabolism of these cells had not been reported. We therefore undertook this study to consider that question.
The results obtained indicate that the metabolism of synovial fibroblasts derived from both rheumatoid and osteoarthritic knee joints can be modified by H202; the effects produced depending on the concentration of H202 to which these cells are exposed. 24 hours. The medium was then removed from each well and the cell layer was washed twice with 0 3 ml of CMF-PBS. The washings were combined with the media and assayed for radiolabelled HA by the method described by Smith and Ghosh.Y In this assay the media and washings from each culture well were dialysed against 0 1 M sodium acetate pH 5 6 at 4°C over two days with four changes. After dialysis each sample was made up to 2 ml and then 2 x 0 8 ml aliquots were taken. To one set of these aliquots was added five turbidity reducing units (TRU) (one TRU=the amount of enzyme which causes a 50% decrease in optical density at 660 nm in 30 minutes at 60°C) of Streptomyces hyaluronidase. Aliquots, both with and without enzyme were incubated at 60°C for three hours. After incubation the samples were dialysed as previously. The redialysed sample volumes were then made up to 2 ml, and a 0 5 ml aliquot was counted for radioactivity.
The amount of newly synthesised HA was calculated as disintegrations per minute (dpm) of the blank sample minus the dpm of the hyaluronidase treated sample. This value was corrected for cell number or DNA content to eliminate a potential source of variation between the wells. Results were expressed as a percentage in HA production when compared with the control (no test substances) cultures.
The measurement of DNA in samples was determined by trypsinising cells with 0-1% (w/v) trypsin and 0-02% (w/v) EDTA in CMF-PBS, then solubilising the DNA in 0-5 M perchloric acid, followed by measuring DNA concentration with the diphenylamine reagent as described by Burton Figure 8 shows the change in H202 concentration of the incubation media over a two hour period after the addition of freshly prepared 100
imol/l H202 to cultures in the absence and presence of osteoarthritic synovial fibroblasts. The concentration of H202 declined exponentially as a function of incubation time. The rate of change of H202 concentration in the media alone and in the presence of cells was determined by calculating the half lives (tl/2). In media alone tl/2 was 45 minutes (see inset of fig   8) , whereas in the presence of cells a more rapid decrease was observed with a half life of only 30 minutes. From these differences it was estimated that about 33 ,umol/l of H202 was removed by the osteoarthritic synovial fibroblasts from a solution containing initially 100 ,imol/l H202 over a 24 hour culture period.
Discussion
In these studies we showed that exposure of human synovial fibroblasts derived from both rheumatoid arthritic and osteoarthritic joints to H202 causes alterations in their biosynthetic behaviour. This is in agreement with the observed effects of this oxygen derived species on other tissues and cells.25-27 48 49 The addition of both the O2 scavenger-superoxide dismutase-and diethylenetriaminepenta-acetic acid, which is a specific chelator of iron that inhibits Fe2+ dependent conversion of H202 into the highly reactive OH' radical,50 failed to reverse the inhibitory effects of H202 in the cellular system studied. This indicates that the effects noted were mediated by H202. If diethylenetriaminepenta-acetic acid penetrated the cell plasmalemma, however, it might mobilise intracellular non-protein bound divalent iron, thereby preventing Fe2' dependent formation of hydroxyl radical in situ as has been noted with desferrioxamine. Although it is reported that thymidine incorporation by normal human dermal fibroblasts is stimulated by H202 at concentrations of 1 iimol/l,49 this did not occur in any of our osteoarthritic or rheumatoid cell lines. As the rheumatoid synovial fibroblasts (and possibly some osteoarthritic lines) were derived from joints which had been previously exposed to oxygen derived reactive species and H202 it is possible that the intracellular activity of catalase and glutathione peroxidase, both of which serve to protect the cell,3 was exhausted. In the normal dermal fibroblast cell lines, however, sufficient amounts of these protective enzymes were present to inactivate the intracellular H202 at least at low concentrations. Possibly, cell mitosis is stimulated by a feedback mechanism which is activated when intracellular catalase or glutathione peroxidase activities, or both, are reduced by interaction with H202. Should the intracellular concentrations of H202 exceed the antioxidant concentrations present, however, oxidation of sulphydryl dependent enzymes essential for respiration-for example, glyceraldehyde-3-phosphate dehydrogenase-will occur and inhibition of metabolic activities will result. In the absence of experimental data this explanation must remain highly speculative.
Although anaerobic metabolism is well documented in rheumatoid synovial tissues, 52 3 56 The finding that H202 was depleted from the media more quickly in the presence of cells than in media alone (fig 8) strongly suggests that H202 was taken up and used by these cells. It is noteworthy, however, that the effects produced by H202 persisted beyond its elimination from the media (-2 hours) because 24 hours after incubation with synovial cells (when most of the extracellular H202 had been lost) the suppressive effects on cell metabolism were still evident. These observations are in agreement with those of Bates et al, who found prolonged inhibition of proteoglycan synthesis (five days) after two hours' exposure of bovine articular cartilage to this oxidant in vitro. 25 In this connection Baker and coworkers have suggested that H202 mediated inhibition of cellular biosynthesis (HA, proteoglycan, DNA, and protein) arises from the disruption of a basal metabolic process which is required for each of these synthetic pathways to operate.38 Accordingly, it would not be surprising if some time elapses before the effects can be observed and for cells to completely regain their ability to synthesise these macromolecules.
Notwithstanding the obvious limitations associated with extrapolation of in vitro findings to the human clinical situation we suggest that H202 generated by activated inflammatory cells or from other sources within the inflamed joint may modify synovial fibroblast metabolism, particularly the biosynthesis of HA. As HA represents an essential component of synovial fluid and is responsible for its unique rheological57 58 and lubricating properties,59 a decline in its synthesis must be considered to be contributory to the progression of the arthritic process.
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